Background/Aim: Inadequate fluid intake is assumed to be a trigger of water-loss dehydration, which is a major health risk in aged and geriatric populations. Thus, there is a need to search for easy to use diagnostic tests to identify dehydration. Our overall aim was to investigate whether skin barrier parameters could be used for predicting fluid intake and/or hydration status in geriatric patients. Methods: An explorative observational comparative study was conducted in a geriatric hospital including patients aged 65 years and older. We measured 3-day fluid intake, skin barrier parameters, Overall Dry Skin Score, serum osmolality, cognitive and functional health, and medications. Results: Forty patients were included (mean age 78.45 years and 65% women) with a mean fluid intake of 1,747 mL/day. 20% of the patients were dehydrated and 22.5% had an impending dehydration according to serum osmolality. Multivariate analysis suggested that skin surface pH and epidermal hydration at the face were associated with fluid intake. Serum osmolality was associated with epidermal hydration at the leg and skin surface pH at the face. Fluid intake was not correlated with serum osmolality. Diuretics were associated with high serum osmolality. Conclusions: Approximately half of the patients were diagnosed as being dehydrated according to osmolality, which is the current reference standard. However, there was no association with fluid intake, questioning the clinical relevance of this measure. Results indicate that single skin barrier parameters are poor markers for fluid intake or osmolality. Epidermal hydration might play a role but most probably in combination with other tests.
Introduction
Water is the main component of the human body, and it is essential for life. Nearly all biological processes including growth, metabolism, cellular homeostasis, movement, and signaling require an adequate aqueous environment to function properly. During ageing, the proportion of body water reduces from approximately 75% in infants to 55% in the elderly [1] . Dehydration is a complex condition, which can be due to water-loss dehydration or salt-loss dehydration, resulting in reduction in total body water [2] .
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In healthy adults, restricted fluid intake increases the serum osmolality, activates thirst and releases vasopressin (antidiuretic hormone), resulting in decreased renal water loss and stimulation of fluid intake. Due to physiological changes associated with aging (e.g., decreased thirst responses, changes in renal function, altered vasopressin levels, polypharmacy, diuretics, decreased cognitive function) older persons have an increased risk of dehydration. Especially in geriatric patients, water-loss dehydration is associated with poor health outcomes, including falls, fractures, constipation, confusion, drug toxicity, and death [3] . Available studies especially suggest a relationship between hydration status and cognitive performance [4, 5] . Therefore, interventions to improve fluid intake in aged care receivers and geriatric patients are considered of utmost importance [6] . However, in clinical practice identifying geriatric patients at risk or with (early) signs of dehydration is challenging. Various clinical tests and methods have been proposed to diagnose dehydration (e.g., "skin turgor test," expressing fatigue, missing drinks between meals, dry mouth, and tongue furrows), but a recent Cochrane review indicated that the evidence supporting the diagnostic accuracy of these tests is extremely weak [3] .
Serum osmolality is regarded as the diagnostic reference standard to indicate water-loss dehydration. However, the wide and routine determination of serum osmolality in geriatric and long-term care settings is not feasible. Therefore, there is a need for simple noninvasive but accurate diagnostic procedures to identify geriatric patients at risk for or with dehydration. Early identification, prevention, and targeted treatment of dehydration would improve the quality of life and well-being and prevent adverse events like emergency hospital admissions.
Empirical evidence suggests relationships between fluid intake and skin properties [7, 8] . An additional intake of water seems to influence skin barrier parameters like stratum corneum hydration (SCH), in particular in individuals with lower prior water consumption [9, 10] . Associations between fluid intake and skin surface pH have also been described [11] . Such associations might also exist in aged and geriatric patients but have never been investigated so far. Adequate fluid intake is commonly believed to play an important role to ensure an adequate skin hydration. However, the scientific evidence about the association between fluid intake and skin barrier properties seems to be sparse [12] . Therefore, the overall aim of this study was to investigate whether skin barrier parameters are associated with fluid intake and hydration status in geriatric patients.
Methods

Study Design and Setting
An explorative observational comparative study was conducted in the Evangelic Geriatric Center of Berlin, Germany, between April and June 2016. Within this period, geriatric patients were recruited and followed up. The study protocol and the informed consent forms and procedures were approved by the Ethics Committee of the Charité -Universitätsmedizin Berlin. Participation was voluntary. Patients were only included after having signed the informed consent and the study conduct followed the principles of the Declaration of Helsinki.
Participants
Due to the explorative nature of the study, a formal sample size determination was not conducted. We regarded n = 40 patients as sufficient to detect possible differences and/or associations between variables. Patients had to meet the following inclusion criteria: age 65+ years old, written informed consent (or by legal representative), and assumed ability that skin measurements can be performed. Following exclusion criteria were applied: Patients at the end of life (dying persons), any dermatological condition or skin affection, e.g. acute weeping, excoriated or inflammatory dermatitis, or skin treatment which may interfere with the study assessments at the discretion of the investigator, any unstable acute or chronic pathology or condition that may interfere with the study conduct at the discretion of the investigator, any use of topical drugs on the investigational areas 2 weeks prior to inclusion, systemic application of corticosteroid. Potentially eligible patients were approached directly by study assistants and investigators. Written informed consent was obtained from the patients directly or by their legal representatives.
Variables and Data Collection
Demographics and variables characterizing medical and functional conditions were measured. The Mini-Mental State Examination (MMSE) was used to measure the mental status on a scale from 0 to 30 [13] . A score of 23 or lower was regarded as indicative of cognitive impairment. The Barthel Index was used to assess the dependency in the activities of daily living [14] . The 30-item Geriatric Depression Scale was used to measure depression. All these scores were extracted from the medical records including medications and documented signs of dehydration. Fluid intake (e.g., drinks) was recorded by nurses and/or by the patients themselves, and the volume of intravenous medication was obtained from the clinical records for 3 consecutive days. At day 3, blood samples were drawn, and serum osmolality was measured. Hydration status was classified as normally hydrated (275 to < 295 mOsm/kg), impending dehydration (295 to ≤300 mOsm/kg), and current dehydration (> 300 mOsm/kg) [2] . The clinical assessment of the presence or severity of skin dryness (xerosis) was performed by a physician using the Overall Dry Skin Score (ODS) on a five-point scale from 0 to 4 which was separately assessed for arms, face, trunk and legs [15] . The skin barrier function was characterized by four parameters: transepidermal water loss (TEWL) in g/m 2 /h, skin surface pH, epidermal hydration in percentage of local tissue water, SCH in arbitrary units on the three skin areas: forehead, outer forearm, and outer lower leg. TEWL indicates the passive diffusion of water molecules through the stratum corneum. Measurements were performed with the Tewameter TM 300 (Courage and Khazaka Electronic GmbH, Cologne, Germany) in duplicate and the arithmetic mean was used. Measurements were performed according to standard operating procedures based on international guidelines [16] , and the reliability and validity of TEWL measurements have been demonstrated [17] .
SCH and epidermal hydration indicate the proportion of water molecules within the respective skin layers. The Corneometer CM 825 (Courage and Khazaka Electronic) was used to measure SCH. The probe was held vertically and placed on the skin with a light constant pressure 3 times subsequently per skin area. The same procedure was repeated and the arithmetic mean of these values was recorded. The reliability and validity of SCH measurements have been demonstrated [18] . Epidermal hydration was measured using the Moisture MeterEpiD (Delfin Technologies). The probe was held vertically and placed on the skin with a constant pressure 2 times subsequently per skin area. The arithmetic mean of these values was recorded.
The skin surface pH was measured with a glass electrode attached to the Skin-pH-Meter PH905 (Courage and Khazaka Electronic). The assessment of skin surface pH was conducted according to international guidelines [19] . Skin surface temperature (° C) was measured with the skin-Thermometer ST 500 (Courage and Khazaka Electronic).
All instrumental skin measurements were performed in the patient rooms in the morning between 08: 00 and 10: 00 a.m. while patients were resting and before any skin products were applied. Relative humidity and the room temperature were recorded. The patients were instructed to refrain from washing or applying any topical products to the test sites for at least 12 h prior to the measurements.
Statistical Methods
In a first step, sample characteristics were described using mean and spread parameters and proportions. Next, bivariate associations were described in a correlation matrix using Spearman correlation coefficients. A correlation of 0.2 or higher or -0.2 or lower was regarded as minimum strengths to indicate possible association. The sample was divided into tertiles according to fluid intake and the number of patients with normal (< 295 mOsm/kg) and high (≥295 mOsm/kg) osmolality displayed (see Table 2 ).
Finally, multiple linear regression analysis with LASSO (Least Absolute Shrinkage and Selection Operator) selection was applied to identify those variables (from the whole potential set of medical variables and skin parameters) that were most strongly related to fluid intake and osmolality. Importantly, obtained parameter estimates in this model cannot be interpreted as such because we reversed dependent and independent variables by modelling fluid intake/osmolality as single dependent variable and the various skin parameters as independent variables. This was done because it was not possible to simultaneously model numerous skin parameters as dependent variables with only one independent variable (fluid intake/osmolality predicting skin parameters). However, the approach enabled us to identify those skin parameters that are most likely associated with fluid intake/osmolality. All p values were two-sided. All analyses were performed in SAS (version 9.4, Enterprise Guide 4.3, SAS Institute Inc., Cary, NC, USA).
Results
Participants and Descriptive Data
The demographic and other characteristics are shown in Table 1 . Mean age was 79 (SD 6.7) years and 65% were female. Mean BMI was 26.2 (SD 4.3). Mean MMSE score was 24. Mean BI was 45 and mean Geriatric Depression Scale score was 3. Mean fluid intake was 1,747 mL per day, and clinical signs of dehydration were documented for 5 patients (12.5%). The mean number of prescribed medications was 10.6 (SD 3.6), and 67.5% of the complete listing of medications was diuretics.
Mean serum osmolality was 294 (SD 9.9) mOsm/kg; 23% had impending dehydration, and 20% had current dehydration according to the thresholds. The highest mean ODS was 1.7 recorded on the legs, and the lowest was 0.3 on the face. Facial skin also showed highest TEWL, SCH, and epidermal hydration values. Skin surface pH values varied slightly between 5.0 and 5.3.
Associations
The tertiles of fluid intake are shown in Table 2 . According to this, fluid intake seems to be unrelated to serum osmolality, but patients with diuretics nearly always were dehydrated. The mean number of medications was unrelated to the hydration status. Results of the bivariate associations are shown in a correlation matrix in the online supplementary file 1 (for all suppl. material, see www. karger.com/doi/10.1159/000487403). Correlation coefficients higher than 0.2 or lower than -0.2 are highlighted. According to this matrix, the fluid intake showed the highest positive association with epidermal hydration at the forehead (r s = 0.33). Serum osmolality was positively associated with the ODS at the face (r s = 0.31) and with serum natrium (r s = 0.51). There were negative relationships with epidermal hydration at the leg (r s = -0.31), skin surface pH at the face (r s = -0.29), sex (r s = -0.40), and MMSE (r s = -0.35).
A number of other bivariate associations were observed. For instance, a negative correlation was observed between ODS and sex (r = -0.47). Men tended to have a dryer facial skin than women. A negative correlation was observed between MMSE and the use of diuretics (r s = -0.43) and also between serum osmolality and MMSE (r s = -0.35). There was no association between fluid intake and osmolality.
Highest associations overall were observed between intraindividual skin barrier parameters. For instance, skin surface pH at the arm was strongly associated with the pH at the leg (r s = 0.64) and face (r s = 0.70). Similarly, the correlation between SCH at the arm and the face was DOI: 10.1159/000487403 positive (r s = 0.61). A positive association was detected between SCH at the leg and at the arm (r s = 0.50). A positive correlation was observed between ODS at the leg and ODS at the arm (r s = 0.55) A similar association was observed between SCH at the leg and ODS at the leg (r = -0.49). An association was observed between SCH at the leg and epidermal hydration at the leg (r = 0.57).
Multivariate Analyses
In total, 10 variables appeared to be relevant for predicting fluid intake (R 2 = 0.13) ( Table 3) . Except age, all selected variables were related to skin properties. Skin surface pH at the face showed the strongest association with fluid intake. Eight predictors were selected for the dependent variable osmolality (R 2 = 0.38) ( Table 4 ). Higher osmolality was significantly associated with epidermal hydration and skin surface pH at the leg.
Discussion
The overall aim of this study was to investigate whether skin barrier parameters are associated with fluid intake and hydration status in geriatric patients. In terms of gender and BI, the sample characteristics were comparable to typical geriatric and long-term care populations in Germany [20, 21] . The measured median fluid intake of approximately 1,700 mL per day may be considered as appropriate for this population [22] and the interquartile range from 1,500 to 1,900 mL/day indicates that variations were small. The measured skin barrier parameters in the sample are similar to previous research in aged individuals [21, 23, 24] . From face to arm to leg there was a decrease in SCH and TEWL, indicating increasing skin dryness which is supported by increasing clinical dryness scores. Xerosis is a common dermatological challenge in the elderly [25] . Especially in aged and geriatric populations, distal extremities are affected by dry skin [26] .
Fluid intake was associated with epidermal hydration of the face and leg. This may indicate that increased water intake in geriatric patients may be related to the water content in the epidermal cells beneath the stratum corneum. This empirical finding is supported by Palma et al. [9, 10, 27] who showed increased epidermal hydration after increased water consumption in younger populations. It is well known that increased fluid intake increases the water content in the dermis because the water accumulates in this layer [28] . The glycosaminoglycan polymer hyaluronan is a highly hydrophilic component of the extracellular matrix, which occurs in both dermis and epidermis and provides the skin hydration and turgor [29] . Increased water content in the dermis might also increase the water content at the epidermal level.
No other bivariate correlations have been observed between fluid intake and skin barrier parameters, whereas in the multivariate analysis, fluid intake was positively associated with pH on the face. We are aware of previous studies showing statistical significant associations between fluid intake and pH [11, 30] and SCH [9, 10, 27] . However, the underlying biological mechanisms are unclear and younger healthy populations are not comparable with geriatric patients. In the multivariate analysis, age and 9 skin-related variables were identified to explain fluid intake. This indicates that these skin properties in combination are directly or indirectly associated with fluid intake. However, this model was able to explain less than 13% of variance, indicating that that there are many more factors predicting fluid intake which were not considered in this study.
Mean serum osmolality was 294 mOsm/kg, but according to the applied classification 9 patients showed impeding and 8 patients showed water-loss dehydration. Negative bivariate associations were observed between serum osmolality and epidermal hydration of the leg and pH of the leg. Biological explanations are challenging. Effective solutes in plasma, which are impermeable to cell membranes, influence cell volume via their osmotic force on cells. Abnormally raised osmolarity implies cell dehydration as intracellular fluid moves to extracellular space which results in shrinking of cells. This shrinkage might occur in epidermal cells.
Another possible explanation might be the anatomical location. It is well known that the most common site for xerosis cutis in the elderly is the lower leg, with almost three-quarters of all xerosis cases being diagnosed at this location [31] . We are aware of one study of Palma et al. [27] that evaluated the effect of an increased dietary intake of water on skin hydration. They reported smaller hydration increases at the zygomatic area, where cosmetic products are usually applied. Hydration changes might be more noticeable in less dehydrated areas. In the multivariate model, 8 predictors were selected but only 5 were related to skin properties, and this model explained nearly 40% of variance. Interestingly, lower epidermal hydration at the leg was significantly associated with higher osmolality.
Other Associations
An important finding of our study was that there was no association between fluid intake and osmolality. This indicates that other factors (e.g., hormonal changes during ageing, chronic diseases) might play a more important role for controlling serum osmolality than the fluid intake itself. The adjustment of serum osmolality in geriatric patients may be regarded as a rather long-term process. This leads to the question whether serum osmolality is actually the best reference standard for measuring dehydration and whether the used cut-offs are truly useful for clinical decision-making [3] . The question is whether increased serum osmolality should automatically lead to increased fluid intake in geriatric patients. Guidelines and clinical practice recommendations widely propose to ensure that patient's hydration is adequate [22, 32] . However, the question of what is adequate in geriatric patients is not easy to answer. At the same time, it is also unlikely that long-term chronic dehydration may be reversed by increased fluid intake in geriatric or long-term settings [33] . Disregarding all limitations of other symptoms and tests for water-loss dehydration in the aged, only 5 patients showed clinical signs diagnosed by a geriatrician.
According to our findings, use of diuretics seems to be related to dehydration (assessed with serum osmolality). Our findings support previous studies indicating that diuretic use can increase risk of developing dehydration [34, 35] .
Intraindividual Associations
Highest correlations were measured between the skin surface pH of legs and arms or between frontal foreheads and arms. Skin surface pH seems to be a rather stable variable that was higher at legs, which is in accordance with the regional variability shown in earlier studies [23, 36] .
Regarding the individual hydration parameters, results indicate that in geriatric patients the within-subject variability for the skin variables was smaller than the betweensubject variability. This pattern was supported recently [37] and may be useful for developing "skin tests" for water-loss dehydration or other phenomena of interest.
Limitations
A possible limitation of our study is the small sample size. Additionally, patients who had been diagnosed with heart failure, renal failure, or diabetes mellitus were also included in the study. This might have increased the serum osmolality, without an existing water-loss dehydration. Another limitation was the short-term monitoring of fluid intake, which did not allow us to assess the predictive value of fluid intake monitoring on dehydration in the longer term in older people. Because of the geriatric setting, fluid intake was highly controlled and showed a limited range. This may have decreased the chance to detect associations with other variables. The fluid intake was recorded by nurses, self-reported by the participants, and carefully extracted from the medical records. However, measurement errors may have occurred.
Conclusions
In a representative sample of geriatric patients, approximately half were diagnosed as being dehydrated according to widely accepted serum osmolality thresholds. At the same time, there was no association with fluid intake, questioning the clinical relevance of this measure. There is an urgent need to develop novel easy to use tests of dehydration in the aged, but empirical evidence supporting associations between skin barrier parameters and fluid intake and osmolality is weak. Especially epidermal hydration of the lower leg may play a role but most probably in combination with other tests. Further research is needed to provide scientific evidence for the question whether skin barrier parameters are associated with fluid intake and hydration status, especially in aged populations.
